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SUMMARY 

An investigation has been made i n  the  Langley 20-foot free-spinning 
tunnel t o  determine the  e rec t  and inverted spin and recovery character- 
i s t i c s  of a 1,828-scale dynamic model of the  North American FJ-4 airplane. 

The model r e su l t s  indicate t h a t  e i the r  a flat-type or a steep-type 
spin may be obtained when the  airplane i s  spinning e rec t .  Use of the 
optimum recovery technique, f u l l  rudder reversal  accompanied by simul- 
taneous movement of the  ailerons t o  fu l l  with the  spin, w i l l  provide 
sa t i s fac tory  recoveries f romthe  steeper of these types of spin f o r  a l l  
mass d is t r ibu t ions .  For some conditions of mass dis t r ibut ion,  however, 
t h i s  technique may not always insure recovery from the  f la t - type spin. 

The optimum recovery technique from inverted spins w a s  indicated t o  
be f u l l  rudder reversal  accompanied by simultaneous movement of t he  aile- 
rons t o  f u l l  with the  spin with the  s t i c k  maintained full forward. 
factory recoveries should be obtained f o r  a l l  mass d is t r ibu t ions  by use 
of t h i s  technique. 

Deflecting the  leading-edge f laps  or extending the  speed brakes would 
have l i t t l e  e f f ec t  on e rec t  spins and recoveries. Satisfactory recoveries 
from emergencies encountered during spin-demonstration f l i g h t s  should be 
obtained by firing wing-tip rockets providing an ant ispin yawing moment of 
20,000 foot-pounds or by opening a parachute of l5.2-foot diameter (laid- 
out - f la t )  with a drag coefficient of 0.67, shroud l ines  20.5 feet long, 
and attached t o  the airplane t a i l  with a 39-foot towline. Tests of m o d e l  
rockets providing an equivalent prospin ro l l i ng  moment of 60,000 foot- 
pounds a l so  indicated sa t i s fac tory  recoveries. 
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114" ODUCT ION 

A t  the  request of the  Bureau of Aeronaut,cs, Cepartment of t he  avy, 
an invest igat ion has been mdc of 8 1,28-scale &del of t he  IJorth American 
FJ-4 a i rplane i n  the  Langley 20-foot free-spinning t l m e l .  
plane i s  a jet-propelled, low swept-wing, single-seat f i gh te r  a i rplane.  

The FJ-4 air- 

The e rec t  spin and recovery charac te r i s t ics  of the  rnodel were deter- 
rriinsd f o r  t h e  basic  design conbat gross-weight condition (60 percent wing 
f x e l ) ,  f o r  t h i s  loading with a l l  wing fue l  removed, and f o r  a loading 
indicated as representing a revised conbat gross-weight condition (a per- 
cent wing f ~ e 1  plcs spin-recovery rocirets). 
def lect ing leading-cdge flaps or  extending speed brakes on e rec t  spins  
i n  the  basic  design conbtit gross-weight condition was investigated.  
Inverted spin and recavery charac te r i s t ics  of the  nodel were determined 
f o r  the  revised design combat gross-weight condition, f o r  an accident- 
t e s t  loading which simulated the  loading of an airplane which crashed 
dLsing t h e  ful l -scale  f l i g h t  t e s t  progrm, and f o r  t h i s  l a t te r  loading 
with r%rgency wing-tip spin-recovery rockets added. 
recovery t a i l  parachcte necessary t o  i n s w e  sa t i s fac tory  sp in  recovery 
w a s  determined, and the e f f e c t  of f i r i n g  wing-tip rockets dming spins  
was investigated.  

I n  addition, the  effect  of 

The s i ze  of spin- 

General descriptions of model-testing techniques, nethods of i n t e r -  
przt ing t e s t  resiAts, and correlat ion between model and airplane r e s u l t s  
a r t  presented i n  reference 1. 

b 

- 
c 

cn 

Ix - Iy 
mb2 

I Y  - Iz 
mb2 

wing span, f t  

mean aerodynanic chord, f t  

yawing-moment coefficient,  Yawing moment 
ss 

moments of i n e r t i a  aboiit X, Y, and Z body axes, respectively,  
2 slug-f t  

i n e r t i a  yawing-moment parameter 

i n e r t i a  rolling-moment parameter 

. 



i n e r t i a  pitching-moment parameter 
mb2 

m mass of airplane, slugs 

P dynamic pressure, $v* 

3 

S wing area, sq f t  

v ful l -scale  t rue  rate of descent, f t / sec  

X j Z  r a t i o  of distance of center of gravity rearward of leading 
edge of mean aerodynamic chord t o  mean aerodynamic chord 

Z/C r a t i o  of distance between center of gravity and fuselage 
reference l ine  t o  mean aerodynamic chord (posi t ive when 
center of gravity i s  below l ine )  

a angle between fuselage reference l i n e  and ve r t i ca l  (approxi- 
mately equal t o  absolute value of angle of a t tack  a t  plane 
of symmetry), de@; 

m 
?Sb 

r e l a t ive  density of airplane, - 

air  density, slug/cu ft 

angle between span axis and horizontal, deg 

ful l -scale  angular velocity about spin axis, r p s  

MODEL 

The 1/28-scale model of the North American FJ-4 airplane was fur- 
nished by the Bureau of Aeronautics, Department of the Navy, and w a s  
prepared f o r  t e s t ing  by the Langley Aeronautical Laboratory of the  
National Advisory Committee for  Aeronautics. 
the model as  tes ted i s  shown in  figure 1. 

A three-view drawing of 

The longitudinal control system of the FJ-4 includes both a con- 
According t o  informa- t r o l l a b l e  horizontal s tab i l izer  and elevators. 

t i o n  received from North American Aviation, Inc., the elevators remain 
undeflected u n t i l  the s t ab i l i ze r  reaches 4' leading edge down and a t  

c the  maximum s tab i l izer  deflection of 14' leading edge down the elevators 
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are  a t  15' t r a i l i n g  edge up ( re la t ive  t o  the s t a b i l i z e r ) .  The rate of 
deflection of the elevators with respect t o  the deflection r a t e  of the 
s tab i l izer  i s  approximately l inear .  The dimensional character is t ics  of 
the airplane are  presented i n  tab le  I. 
shown i n  figure 2 .  

A photograph of the model i s  

The model was bal las ted t o  obtain dynamic s imilar i ty  t o  the airplane 
a t  an a l t i tude  of 30,000 f e e t  ( p  = 0.000889 slug/cu f t)  . 
t e r i s t i c s  fo r  the loadings of the airplane and fo r  the loadings tes ted  
on the model are  presented i n  table  11. A remote-control mechanism w a s  
ins ta l led  i n  the model t o  actuate the controls fo r  the recovery attempts. 
Sufficient torque was exerted on the controls for  the  recovery attempts 
t o  reverse them fully and rapidly. 

The mass charac- 

The normal maximum control deflections used on the model during the 
t e s t s  (measured perpendicular t o  t h e  hinge l ines)  were: 

Rudder, deg . . . . . . . . . . . . . . . . . .  27.5 r igh t ,  27.5 l e f t  
Elevator, deg (with respect t o  horizontal t a i l )  . . . . . . . .  15 up 
Horizontal ta i l ,  deg 14 leading edge down, 6 leading edge up 
Ailerons, deg . . . . . . . . . . . . . . . . . . . . .  20 up, 15 down 

. . . .  

A l l  tests were made with speed brakes ret racted and leading-edge 
f laps  undeflected, except as indicated. Model rockets were ins ta l led  
only f o r  the t e s t s  i n  which they were actual ly  f i r ed .  
equivalent weights w e r e  substi tuted.  

For other t e s t s  

MODEL ROCKE!I'S 

The model rockets used i n  t h i s  investigation were designed and 
developed by the Model Propulsion Section of the Langley P i lo t less  
Aircraft  Research Division. The rockets a re  precision b u i l t  of s t e e l  
and produce 3 ounces of thrust  for  2 seconds. Based on the simulated 
test a l t i t ude  (30,000 f ee t )  and scale of the model used i n  the present 
investigation, the thrus t  of t h i s  rocket i s  equivalent t o  1,539 pounds 
of t h rus t  ful l -scale  and the corresponding ful l -scale  thrus t  duration 
is  approximately 11 seconds. 
i s  given i n  reference 2. 

A more detai led description of t h i s  rocket 

PRECIS I O N  

Results determined 
be t rue  values given by 

i n  free-spinning tunnel t e s t s  a re  believed t o  
models within the following l imits:  



a , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21 
9 , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fl 

. . . . .  +1 
* -i; 

V, p e r c e n t .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +5 
R, p e r c e n t .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +-2 

Turns fo r  recovery obtained from motion-picture records 

I . . . . . . . . . . . . . . .  Turns f o r  recovery obtained visually 
.f5 

The preceding limits may be exceeded for cer ta in  spins i n  which it 
i s  d i f f i c u l t  t o  control the  model i n  the tunnel because of the  high rate 
of descent or because of the  wandering or osci l la tory nature of the  spin. 

The accuracy of measuring the  weight and mass dis t r ibu t ion  of m o d e l s  
i s  believed t o  be within the  following limits: 

Weight,percent . . . . . . . . . . . . . . . . . . . . . . . . . .  fl 
Center-of-gravity location, percent c . . . . . . . . . . . . . . .  +_1 
Moments of iner t ia ,  percent . . . . . . . . . . . . . . . . . . . .  +-5 

- 

Controls are  s e t  with an accuracy of 21'. 

Because it i s  impracticable t o  ba l l a s t  models exactly and because 
of inadvertent damage t o  models during tests, the measured weight and 
mass dis t r ibut ion of the FJ-4 model varied fromthe t rue  scaled-down 
values within the following limits: 

Weight, percent . . . . . . . . . . . . . . . . . . .  1 low t o  12 high 

Center-of-gravity location, percent c . . . .  1 forward t o  2 rearward 
- 

Moments of iner t ia :  
Ix, percent . . . . . . . . . . . . . . . . . . . .  8 low t o  1 high 
Iy, percent . . . . . . . . . . . . . . . . . . . .  1 low t o  11 high 
Iz, percent . . . . . . . . . . . . . . . . . . . .  2 low t o  11 high 

RESULTS AND DISCUSSION 

The resu l t s  of the model t e s t s  a re  presented i n  charts 1 t o  6 and 
i n  tab les  I11 and IV. 
and the  data a re  a rb i t r a r i l y  presented i n  terms of r igh t  spins. Model 
loading conditions investigated, as indicated i n  the charts and tables,  
a r e  l i s t e d  i n  table  I1 along with airplane loading conditions. 
following techniques are  included in  the presentation of the data on 
the  charts: 

Spins t o  the p i l o t ' s  r igh t  and l e f t  were similar, 

The 
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For spins i n  which a model has a rate of descent i n  excess of t ha t  
which can readily be obtained i n  the tunnel, the r a t e  of descent i s  
recorded as greater than the velocity a t  the  time the model h i t  the  
safety net; f o r  example, >300 f e e t  per second, fu l l  scale. 
the recoveries are  attempted before the model reaches i t s  f i n a l  steeper 
a t t i tude  and while it i s  s t i l l  descending i n  the tunnel. Such results 
a re  considered conservative; t h a t  i s ,  recoveries are  generally not as 
f a s t  as when the model i s  i n  the f i n a l  steeper a t t i tude .  For recoveq  
attempts i n  which a m o d e l  strikes the safety net while it was s t i l l  i n  
a spin, the recovery i s  recorded as greater than the number of turns  
from the t i m e  the controls were moved t o  the time the m o d e l  s truck the  
net,  as  >3.  A >3 turn recovery, however, does not necessarily indicate 
an improvement over a >7 turn recovery. When a model recovers without 
control movement (rudder held with the spin),  the r e su l t s  are  recorded 
as "no spin." 
within 10 turns,  the recovery was recorded as m. 

I n  such t e s t s ,  

For recovery attempts fo r  which the model did not recover 

Erect Spins 

Basic design combat gross weight.- Chart 1 presents the r e su l t s  of 
e rec t  spin and recovery tests made w i t h  the  model i n  the basic design 

c ombat gr os s-weight condition 

tab le  I1 . The spins with the ailerons e i the r  neutral  or against  the 
spin were oscil latory,  and recoveries attempted by rudder reversal  or 
rudder reversal  i n  conjunction with moving ailerons t o  full with the 
spin were unsatisfactory. When the ailerons were preset  f u l l  with the 
spin, spins obtained were steep and recoveries by rudder reversal  were 
rapid.  Based on the resu l t s  obtained fo r  the  c r i te r ion  spin (ref.  1) , 
it appears t h a t  the recovery character is t ics  of the airplane fo r  t h i s  
loading condition would be considered unsatisfactory. Based on r e su l t s  
fo r  other loadings and on spin-tunnel experience it appears that t h i s  
nodel w a s  quite sensit ive t o  minor variations i n  aileron deflection 
and that a steeper-type spin with sat isfactory recoveries might a l so  be 
obtained f o r  t h i s  loading when ailerons were neutral  o r  s l i gh t ly  against 
the spin.  

IX - IY = -1% x loading 1 i n  [ mb2 1 

Leading-edge f laps  and dive brakes.- Erect spin and recovery tests 
i n  the  basic  design combat gross-weight condition were a l so  made with 
the  leading-edge f laps  deflected and with the speed brakes extended. 
These r e s u l t s  indicated no appreciable differences from the  r e su l t s  
obtained f o r  the clean condition, and are not presented i n  chart  or 
tabular  f om. 

Mass variations.-  The r e su l t s  of t e s t s  of the model with a loading 
representing a l l  wing fue l  removed fromthe basic design combat gross 
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= -195 x loe4; loading 5 i n  tab le  I1 are  presented i n  

spins were steeper and recoveries were more rapid than 
1 

f o r  the basic design combat gross-weight loading. 
spin, it appears that recoveries from spins of the airplane i n  t h i s  
loading by using rudder reversal  acconpanied by moving ai lerons t o  f u l l  
with the spin would be sat isfactory.  

Based on the c r i t e r ion  

The model was a l so  tes ted i n  the  revised design combat gross-weight 

condition (''i2Iy = -86 x loading 8 i n  tab le  I1 . The r e su l t s  a re  

presented i n  chart 3. These r e su l t s  are generally similar t o  those for  
the basic design combat gross-weight condition except t ha t ,  i n  the c r i -  
t e r ion  set t ing,  two types of spin were observed. 
eries obtained from the f l a t t e r  of these two types of spin, as indicated 
i n  the charts, the recovery character is t ics  of the model i n  t h i s  loading 
are  considered unsatisfactory. Fromthe steeper of these two types of 
spin, sat isfactory recovery character is t ics  from spins of the airplane 
by full rudder reversal  t o  against the spin and aileron movement t o  f u l l  
w i t h  the  spin were indicated. 

Based on slow recov- 

Correlation with full-scale results.- Model results indicate that 
e i ther  a steep spin with sat isfactory recoveries or a f l a t  spin with 
unsatisfactory recoveries may be obtained on the airplane.  I n  f l i g h t  
t e s t s  of the airplane conducted t o  date, only the steeper of the two 
types of spins has been obtained. No trouble was encountered i n  
obtaining recoveries from these spins. 

Reference 1 discusses the influence of such factors  as scale e f f ec t  
and tunnel technique i n  causing differences which occasionally occur 
between model resu l t s  and r e su l t s  obtained during the actual  airplane 
spin tests.  

Recommended recovery technique f o r  e rec t  spins.- The optimum spin- 
recovery technique recommended for  erect spins of the North American 
FJ-4 airplane i s  fill rudder reversal  accompanied by movement of a i lerons 
t o  f u l l  with the spin. Although, as previously mentioned, flight tests 
of the  airplane t o  date have indicated only steep spins with sat isfactory 
recoveries, should f la t  spins be encountered on the airplane, even the  
optimum technique might not insure sat isfactory recovery. 

Inverted Spins 

The r e su l t s  of the inverted spin and recovery t e s t s  of the model 
are presented i n  charts 4, 5 ,  and 6. The order used for  presenting the . 
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data fo r  the inverted spins i s  different from tha t  used fo r  e rec t  spins. 
For inverted spins, "controls crossed" f o r  the established spin ( r igh t  
rudder pedal forward and s t i c k  t o  the p i l o t ' s  l e f t  f o r  a spin t o  the 
p i l o t ' s  r i gh t )  i s  presented t o  the right of the chart and "s t ick  back" 
i s  presented a t  the bottom. 
l ished spin, the lateral controls a id  the ro l l ing  motion; when the  con- 
t r o l s  are together, the l a t e r a l  controls oppose the ro l l i ng  motion. 
angle and the longitudinal control posit ion i n  the  chart  (and text) 
are given as up or down re la t ive  t o  the ground. 

When the controls are  crossed i n  the estab- 

The 

Accident-test loading condition.- Results of 
for  a loading condition indicated as representing - 

IX IY = -201 x loading ( mb2 
loading condition 

sented i n  chart 4.  Good recoveries were obtained 

inverted spin tests 
the accident-test  

6 i n  table I1 are  pre- 

by rudder reversal  from 
1 

aileron-neutral spins when the longitudinal controls were maintained 
a t  neutral  or up, but when the longitudinal controls were f u l l  down, 
recoveries attempted by f u l l  rudder reversal were not sat isfactory.  
For spins obtained w i t h  the  ailerons deflected full with t h e  spin ( s t i ck  
l e f t  i n  an inverted spin turning t o  the p i l o t ' s  right) rapid recoveries 
were a l so  obtained by full rudder reversal .  However, fo r  spins obtained 
with ai lerons maintained even s l igh t ly  against the spin, the recovery 
character is t ics  by rudder reversal  alone were unsatisfactory.  Recoveries 
obtained by full rudder reversal  accompanied by moving ai lerons full w i t h  
the  spin were satisfactory,  and the resu l t s  indicated the l a t t e r  control- 
manipulation technique t o  be the optimum for  recovery from inverted spins 
i n  t h i s  loading. 

During the inverted spin par t  of the f l i g h t  test  program of the 
North American FJ-4 airplane, the spin demonstration a r t i c l e  w a s  l o s t .  
This w a s  apparently due t o  high pedal forces encountered i n  t h i s  spin 
which prevented the  p i l o t  from f u l l y  reversing the rudder. 
based on an analysis of spin-tunnel resul ts ,  it appears t h a t  i f  the 
ai lerons are moved t o  f u l l  w i t h  the  spin i n  conjunction with rudder 
movement, it may not be necessary t o  completely reverse the rudder i n  
order t o  obtain sat isfactory recoveries. 

However, 

It should be noted tha t  i n  referring t o  the direct ion of turning 
of airplane inverted spins, the direction specified herein i s  the direc- 
t i o n  of the yawing rotat ion about the Z-body a x i s  of the airplane, as 
would be indicated on the turn-indicator instrument i n  the airplane.  
This  yawing rotat ion i s  a component of the  t o t a l  spin ro ta t ion  of the 
airplane.  Reference 3 discusses problems of p i l o t  disor ientat ion i n  
inverted spins, especially those entered inadvertently, a problem which 
has caused several crashes during recent years. 
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. 
Accident-test loading condition plus wing-tip rockets.- Chart 5 

presents the r e su l t s  of t e s t s  made with accident-test loading plus wing- 
t i p  rockets which represents the spin-demonstration airplane with no B O  e e" 

B O  

Bee0 w i n g  fue l  and a rocket mounted a t  each wing t i p  ('xi? = -153 10-4; 
e 

e* 
B e  
0. 

loading 7 i n  tab le  I1 . 
exhibits the same general trend as the r e su l t s  without rockets instal led,  
and the same recovery technique i s  recommended. 

The inverted spin pat tern f o r  t h i s  loading ) 
Revised design combat gross-weight condition.- Inverted sDin-test 

resu l t s  f o r  the revised design combat gross-weight condition 

IX - IY = -86 X loe4; loading 8 i n  table I1 are presented i n  chart  6. ( ** 1 
Rapid recoveries were obtained by full rudder reversal  from spins with 
the longitudinal controls neutral  or up ( re la t ive  t o  the ground). 
der neutralization appears inadequate for  sat isfactory recovery. 

Rud- 

Landing Condition 

Current mili tary specifications require airplanes t o  be spin- 
demonstrated i n  the landing condition from only a one-turn (or incip- 
i en t )  spin, and inasmuch as spin-tunnel t e s t  data a re  obtained f o r  fully 
developed spins, the landing condition w a s  not investigated on the  model. 
Recovery character is t ics  i n  the landing condition may be of s ignif icant  
importance, however, because s ta l l  t e s t s  of an airplane, generally made 
a t  a l t i t ude  i n  the landing condition early during the f l i g h t  t e s t  pro- 
gram, may r e su l t  i n  an inadvertent spin. 
although recoveries from fu l ly  developed spins may be unsatisfactory 
(based on the  study presented i n  reference 4 of the r e su l t s  of tests of 
many models w i t h  landing gear and f laps  extended and re t rac ted) ,  the 
FJ-4 airplane should recover sa t i s fac tor i ly  from an incipient spin i n  
the  landing condition. If a spin i s  inadvertently entered i n  the  landing 
condition a t  any t i m e ,  the f laps  and landing gear should be retracted and 
recovery attempted immediately. 

Analysis indicates t ha t ,  

Spin-Recovery Rocket Tests 

The r e su l t s  of t e s t s  t o  evaluate the use of rockets as emergency 
devices i n  demonstration spins are presented i n  tab le  111. The rockets 
were mounted a t  the wing t i p s  and were f i r e d  t o  provide e i ther  an an t i -  
spin yawing moment or a prospin rol l ing moment. 
smallest miniature rockets available exceeded the scaled-down th rus t  of 
the rockets indicated as being available for  use on the FJ-4 airplane.  
Therefore, additional t e s t s  were made with rockets mounted t o  provide 

The thrus t  of the 

r. 
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yawing moment a t  two-thirds of the wing semispan. 
thereby obtained w a s  approximately equivalent t o  that of the ful l -scale  
rocket ins ta l la t ion .  Figure 3 shows the al ternate  mounting posit ions 
fo r  the model rockets. For the tests with the rockets instal led,  the 
revised design combat gross-weight condition w a s  represented 

The yawing moment 

IX - IY = -86 x loading 8 i n  tab le  I1 ( mb2 

Yaw rockets.- Satisfactory recoveries were obtained from the  c r i -  
ter ion spin by f i r i n g  rockets mounted e i the r  on the outer or inner wing 
t i p  and providing approximately 30,000 foot-pounds of ant ispin yawing 
moment ( fu l l - sca le ) ,  or mounted a t  two-thirds of the semispan of the  
wing (ful l -scale  antispin yawing moment approximately 20,000 foot-pounds) . 
For the l a t t e r  position, br ief  t e s t s  were made with rockets attached 
al ternately t o  the upper and lower wing surfaces and indicated no signif- 
icant  aerodynamic e f fec ts  due t o  the rocket. 
f i r e d  during a spin fo r  which ailerons were s e t  f u l l  against and longi- 
tudinal  controls were neutral, a spin which had a higher ro ta t iona l  rate 
than the c r i te r ion  spin. Recoveries from t h i s  spin were unsatisfactory, 
being somewhat slower than fromthe c r i te r ion  spin. 

Also,  t h i s  rocket was 

Roll  rockets.- Rockets mounted t o  provide approximately 30,OOO foot- 
pounds of prospin ro l l ing  moment ( ful l -scale)  each were f i r e d  a t  the 
outer and inner wing t i p s  individually and a t  both t i p s  simultaneously. 
The r e su l t s  indicate t h a t  satisfactory recoveries were obtained when a 
t o t a l  ful l -scale  ro l l i ng  moment of approximately 60,000 foot-pounds w a s  
provided. 

Spin-Recovery Parachute Tests 

The r e su l t s  of t e s t s  made t o  determine the s i z e  of t a i l  parachute 
required t o  give sat isfactory recoveries of the FJ-4 airplane during 
emergencies i n  spin demonstrations are  presented i n  tab le  IV. These 
t e s t s  were conducted fo r  the accident-test loading condition (loading 6 
i n  tab le  11). The towline w a s  attached near the extreme rearward point 
of the fuselage. 
the  spin du r ing the  recovery attempts. The r e su l t s  indicate t h a t  a f lat-  
type s table  parachute of l5.2-foot diameter ( la id-out-f la t )  with a drag 
coeff ic ient  of 0.67 (based on laid-out-flat  area),  shroud l ines  20.5 f e e t  
long, and a towline 39 f e e t  long should be adequate f o r  recoveries from 
e i the r  e rec t  or inverted spins. Another s ize  s table  t a i l  parachute 
giving equivalent drag could a l so  be used fo r  sat isfactory recovery. 

(See f i g .  1.) The rudder w a s  maintained f u l l  with 
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SUMMARY OF FZSULTS 

Based on the results of t e s t s  of a 1/28-scale model of the North 
American FJ-4 airplane, the following summary i s  considered applicable 
t o  the spin and recovery characterist ics of the airplane a t  30,000 fee t :  

1. The control movement most conducive t o  recoveries f'rom a l l  e rec t  
spins w i l l  be simultaneous f u l l  rudder reversal  t o  against the spin and 
ai leron movement t o  f u l l  with the spin ( s t i c k  f u l l  r i gh t  i n  a r igh t  e rec t  
sp in) .  
type spins such as have been encountered an the  airplane t o  date. How- 
ever, for  some conditions of mss dist r ibut ion i n  the  airplane, t h i s  
technique may not always be suff ic ient ly  effect ive t o  insure sat isfactory 
recoveries i f  a f la t ter- type developed spin indicated possible by model 
r e su l t s  i s  obtained. 

This technique w i l l  insure sat isfactory recoveries from steep- 

2 .  Deflecting the leading-edge f laps  or extending the speed brakes 
should have l i t t l e  e f fec t  on erect  spins and recoveries. 

3. For inverted spins i n  a condition similar t o  the accident-test  
condition loading, or for  such a condition plus wing-tip rockets, satis- 
factory recoveries should be obtained by simultaneous f u l l  rudder rever- 
sal and movement of ailerons t o  full with the  spin (controls "together"), 
with the  longitudinal controls maintained a t  f u l l  up with respect t o  
the ground. I n  the revised design combat gross-weight condition, s a t i s -  
factory recoveries should be obtained by f u l l  rudder reversal .  

4. Satisfactory recoveries should be obtained from erect  spins by 
the application of an antispin yawing moment of about 20,000 foot-pounds, 
f u l l  scale.  Model r e su l t s  indicated that  sat isfactory recoveries were 
possible by application of a prospin rol l ing moment ( r o l l s  r igh t  wing 
down i n  a right spin) of about 60,000 foot-pounds, ful l -scale ,  by rockets 
attached t o  the wing t i p s .  
l e n t  t o  approximately 11 seconds, full scale.  

The rocket th rus t  duration should be equiva- 

5. A spin-recovery t a i l  parachute of l5.2-foot diameter (laid-out- 
f l a t )  with a drag coefficient of 0.67, a shroud l i n e  length of 20.5 fee t ,  
and attached with a 39-foot towline w i l l  be adequate t o  provide satis- 
factory spin recovery from spin-demonstration flights i n  an emergency. 

Langley Aeronautical Laboratory, 
National Advisory Committee for  Aeronautics, 

Langley Field, V a . ,  January 13, 1958. 
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TABLE I.- DPIIENSIONAL CHARACTEXISTICS OF THE 

NORTH AMERICAN FJ-4 AIRPLANE 

Overall length, f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  37.68 

wing:  
span, f t  . . . . . . . . . . . . . . . . . . .  
Area, s q f t  . . . . . . . . . . . . . . . . .  
Rogt chord, in. . . . . . . . . . . . . . . .  
Tip chord, in. . . . . . . . . . . . . . . . .  
f , i n  . . . . . . . . . . . . . . . . . . . . .  
Leading edge S rearward of leading-edge root 
Aspect r a t io  . . . . . . . . . . . . . . . . .  
Taper r a t io  . . . . . . . . . . . . . . . . .  
Sweepback of quarter chord, deg . . . . . . .  
Dihedral, deg . . . . . . . . . . . . . . . .  
Incidence, deg: 

Root . . . . . . . . . . . . . . . . . . . .  
Tip . . . . . . . . . . . . . . . . . . . .  
Root . . . . . . . . . . . . . . . . . . . .  
Tip . . . . . . . . . . . . . . . . . . . .  

Airfoil  section: 

. . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  
chord, in. . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  

39.11. 
338.66 
160.51 
47-52 

114.42 
78.67 

4.3 
0.50 

35 
3 

. . . . . . . . . . . .  +1 
-3 . . . . . . . . . . . .  

. . . . .  NACA 64AOO6 modified . . . . .  NACA 64AOO6 mohlfied 

Ailerons: 
Total area, rearwaxd of hinge line, s q  f t  . . . . . . . . . . . . . .  30.34 
Span, each, percent bi2 . . . . . . . . . . . . . . . . . . . . . . .  36.40 
Chord, inboard, in. . . . . . . . . . . . . . . . . . . . . . . . . .  30.06 
Chord, outboard, in. . . . . . . . . . . . . . . . . . . . . . . . . .  21.29 

Leading-edge f l a p s :  
Total area, s q  ft  . . . . . . . . . . . . . . . . . . . . . . . . . . .  13.98 
Span, percent b . . . . . . . . . . . . . . . . . . . . . . . . . . .  76.5 

Horizontal tail: 
span, ft  . . . . . . . . . . . . . . . . . . . . . . . .  

Tip chord, in. . . . . . . . . . . . . . . . . . . . . .  

Dihedral, deg . . . . . . . . . . . . . . . . . . . . .  

Area, s q f t  . . . . . . . . . . . . . . . . . . . . . .  
Root chord, in.  . . . . . . . . . . . . . . . . . . . .  
Sweepback of quarter chord, deg . . . . . . . . . . . . .  
Total elevator area, rearvard of hinge line, sq f t  . . .  
Nose t o  leading edge of horizontal tail a t  root, f t  . . 
Airfo i l  section: 

R o o t . . . . . . . . . . . . . . . . . . . . . . . . .  
Tip . . . . . . . . . . . . . . . . . . . . . . . . .  

. . .  
1 . .  . . .  . . .  . . .  . . .  . . .  . . .  
. . .  
NACA 

. . . .  16.08 . . . .  53.20 . . . .  61.33 . . . .  18.22 . . . .  35 . . . .  12.99 . . . .  0 . . . .  29.60 

NACA 6x006 
65~006 modified 

Vertical tail: 
Span, fuselage reference l ine  t o  equivalent t i p ,  pt . . . . . . . . .  8.55 
Area, including dorsal, sq ft . . . . . . . . . . . . . . . . . . . .  9.09 
Root chard, in. . . . . . . . . . . . . . . . . . . . . . . . . . . .  76.50 
Chord a t  equivalent t i p ,  in. . . . . . . . . . . . . . . . . . . . . .  20.072 

Rudder area, rearward of hinge line, sq ft . . . . . . . . . . . . . .  5.26 
Nose t o  leading edge of ver t ica l  tail a t  root, f t  . . . . . . . . . .  27.33 
Air fo i l  section: 

R o o t . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  EACA6xW6 
Tip . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  NACA6soO6 

Sweepback of quarter chord, deg . . . . . . . . . . . . . . . . . . .  35 
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m,m 111.- DATA Foil A SPIN-RECOVRG WiAG RO;J~CET BZMED UTE rn 1/PB-%AIE 

MODEL OF NORTi  AMZXiCAN FJ-4 A m -  

!Msdel l o e d i n g  8 in t a j l e  11. Recovery atterrpted by f i r i r g  rockets  a s  indicated; 

rJdder f ~ l l  with the spin; r i g h t  e r e c t  spins] 

Outer wing 
t i F  ( l e f t  213 ug 113 against  
dire t i p )  

Inner  wing 
t i p  (right 2;3 up 11: against  
w i n g  t i p )  

( l e f t  wing 
panel), upper 2 / 3  up 113 aga iz s t  
wing surface 
at  213 semispar. 

( l e f t  wing 
p e l ) ,  upper Neutral F u l l  again61 
wing surface 
at  213 semispan 

( l e f t  wing 
panel) ,  lower 2 j ~  tip l/j aga ins t  
wing surface 
a t  213 sedspan 

Outer wing 

O u t e r  wlng 

Outer ving 

Yaw (Antispin) 

0.0339 

"v i n n e r v i n g u p ; D  l n o e r v i n g d n m .  

%xiel values converted t o  co r re spnd ing  fu l l - sca l e  values. 

%ot ava i l ab le .  

d O s c i G t o r y  spin,  range of d u e s  given. 
eCoeff ic ients  correspond v i t h  range of r a t e s  of descent indicated. 
fModel entered a shor t  gl ide.  

%del entered a g l i d e  P o l l w e d  by an a i l e ron  r o l l .  

%Model entered a dive.  
h o d e l  entered a g l ide  f o l l o w d  by a l e f t  spin. 

h o d e l  entered a g l ide  followed by left tu rn .  
G o d e l  entered an inverted dive. 
hlodel entered a dive followed by a left spin.  
%e t o  rocket t h rus t ,  model entered a r o j l .  
' kode l  entered a wide s p i r a l .  
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wachute 
iameter, 

f t  

TABU IV.- DATA FOR A SPIN-RECOVERY TAIL PARACHUTE OBTAINED WlTH THE 

1 '28- scm MODEL OF THE NORTH AMERICAN FJ-b AIRPIAIE 

Approxlmte 

bag 
fi coef f ic ien t  

Towline parachute length, Rudder Ailerons L o ~ t ~ ~ ~ ~ l  Turns for recovery 

e a0 
m e  e 

e eo 

0.63 with 

.60 F'ul l  with 

-59 Full with 

.59 Full w i g h  

.62 Full with 

.67 Full with 

t 

1 -  

1,3 against 

1/3 against 

li3 against 

1,3 against 

li3 against 

1:3 against 

[Model loading 6 i n  t ab le  11. Recovery attempted by opening t a i l  parachute; 
spins t o  p i l o t ' s  r igh t ,  clean condition. M o d e l  values have been 
converted t o  corresponding fu l l - sca le  values 

9.33 

10.5 

11.67 

u.83 

14 .O 

15 - 17 

7 -0 

8.17 

9.33 

10.5 

10.5 

10.5 

11.67 

11.67 

11.67 

14 .O 

39.11 

39.11 

39.11 

39 -11 

19.56 

59-11 

39-11 

19-56 

19.56 

39.u 

0.54 

.55 

.63 

.60 

.60 

-60 

.59 

.59 

.59 

.62 

Inverted Spins 

Ebll with 

Full w i t h  

F u l l  w i t h  

N l  w i t h  

F u l l  witf. 

Full wit1 

F u l l  wit1 

Full w i t ?  

Full wit1 

N l  w i t 1  

L,3 against 

L i  3 against 

1,'3 against 

1;3 against 

l , 3  against 

agains 

1,3 against 

l,J against 

Full agains 

1,3 against 

@., 2, 23, 2$, >3 

1, lk, 2, 2$, 

1;, 2, 26' 1 1 3  >2-, 2 

1-, 1 2, 2 l  > 2 4  >23 

11. 12, 2, >2, >3 

2 G  

2 r' 2 4 

4' 4 

z G, + 2, 2 
3 1 
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Air plone 
FJ-4 

i= 
t o o  

Allttude C:reclion Loodlng (see Iob le - I I - )  1 
e e c t  R i g h t  Basic design c o e a t  gross weight *mmomm 

o m  
Leading-edge f laps  

undeflected 
i 

oo 
S o  

mo 

tenter-of-gravity posltm Altmde 
27.1 percent F 30,000 f t  

CHART 1 -SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL 

becoverg attempted by rapid reversal  of rudder t o  full against the spin except a8 
* indicated (recovery attempted from, and steady-spin data preaented for, rudder- 

full-With spins if 

a 

Longitudinal 
controls 
2 5 UP 

~ c; 0.29 

Ailerons full w i t h  ;;; 0.35 
Aileronrc full against 

~ 

(Stick l e f t )  i (Stick right) 

I&i 

U 
aOscillatory spin, range or average values given. 
kecovery  attempted by sirmltaneous reversal  of rudder t o  full against the spin 

CModel entered a glide. 
dRecovery attempted by reversing rudder f r o m  ful l  w i t h  t o  2/3 against the spin. 
eRecovery attempted by simultaneous reversal  of rudder t o  2/3 against the spin 

fRecovary attempted by simultaneous reversal  of rudder t o  2/3 against the spin 

Qanderlng spin. 
hsteep spin; recovery attempted before f i n a l  att i tude attained. 
'Recovered in an a i le ron  ro l l .  
jTuo conditions possible. 
kvisual estimate. 

and rmvement of ailerons t o  full with the spin. 

and movenmut of ailerons t o  2/3 with the apin.  

and movement of ailerons t o  f u l l  w i t h  the spin. 

~ 10 SPIN 

u Turns for recovery 
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moo 

~ 0 . 0 0 .  

eo 

0 

0 0  

e. 0 

. 

Airplane Attitude Direclion Loading (see t a b l e s - )  5 
FJ-4 Erect Right Basic design combat l e s s  wing fue l  

Leading-edge f laps  Cenfer-of-gravity position Altitude 
~. 

undeflected 24.3 percent F 30,000 f t  

CHART 2 . -SPIN AND RECOVERY CHARACTERISTICS OF TI€ YODEL 

1 
2 ,  9 - 

2 I 

conditions possible. 
bosc i l la tory  spin,  range of values given. 
CRecovery attempted b 

dSteep spin; recovery attempted before f i n a l  a t t i tude  attained. 
'Wandering sp in .  
'Recovery attempted by revers- rudder from full with t o  2 / 3  against  the spin. 
gRecovery attempted by s w t a n e o u s  reversa l  of rudder t o  2/3 against  the spin 

simultaneous reversal  of rudder t o  N1 against  the spin 
and movement of  a i lerons t o  full with the spin. 

and movement of a i lerons t o  2/3 with the sp in .  

~~ 

Turns far recovery 



0 0  0 0 0  0 0 0 0 0  0 0  0 0 0 0  0 0.0 0 0  

0 . 0  0 . 0  0 0 0  0 0 0  0 .  0 0  
0 0 . 0  0 0 0  0 .  

0 .  0 0  
0 0 0 0  0 0  

NACA RM SL58A.29 * 0 0  too t : moo 0 0  1-9 

Aiqpione 

FJ-4 
Attitude Direction Loading (see t a b l e L )  8 
Beet Right Revised design combat gross ueight 

Model volues converted to fu l l  scale 

Leading-edge flaps 
undeflected 

a 
r 

Center -of-groviiy position Altttude 
26.4 percent F ~ , O O O  ft 

iJ-inner wmg up D-inner wing down 

a 

39 
58 

Ailerons full against APP 293 

c 

7u 
0D 

Ailerons full with 
m 

333 O*j6 (Stick left) 371 (Stick right) Q*35 

I- 

b b  
>2, >2$ 

aOscillatorg and wandering spin, range ar average values given. 
bRecovery attempted by simultaneous reversal of rudder to full against the 

'Steep spin, recovery attempted before final attitude attained. 
bhro  conditions possible. 
eOscillatory spb, range of values given. 
*Recovery attempted by revers- rudder from full with to 2/3 against the spin 
gRecovery attempted by simultaneous reversal of rudder to 2/3 against the Spin 

spin  and movement of  ailerons to full with the spin. 

and movement of ailerons to 2/3 with the spin. 

b b  b 

I I Turns for recovery 
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0 0. 
0 .  0 

0 0. 

. 

a .b  

73 37L il,,l F 0.35 

'Oecil latory spin, range or values given. 
' ianderiry spin. 
CHecavsry attempted by rudder neut ra l iza t ion .  
dRecovery attempted by r s v e r s h  rudder f rom full with t o  1/3 a s s i n s t  the spin.  
'Recovery attempted by r e v s r s L q  rudder from f u l l  with to  l/i against  the spin. 
fRecovery attempted by reversing Ndder  from f u l l  with t o  2 / 3  against  the  spin. 
gTuo conditions possible.  
%del entered a she-t inverted dive fo l louea  by an ailor22 r o l l .  
'Steep spin; recovery attempted before IF ia l  a t t i t u d e  attaine3. 
hecorsry attempted by moving a i le rons  from l/j agains t  to Z / 3  with the  spin. 
"Rsqovery attwxpted by s iml taneoua  rudder neut ra l iza t ion  and mvemnt of a i le rons  

'3ecovery Ittwxpted sy  simUtPneoua reversa l  of rudder to 2 / 3  against  tb spin and 

%bdel entered an a i le ron  r o l l .  

t o  2 / 3  i i t h  the spin. 

mvamsnt or a i le rons  t o  2,'3 with the  spin. 

m NO SPM 

%del values 
oonverted t o  
correspond- 
f u l l - s c a l e  values. 
U inner ubg up 
2 i M e r  V h g  d O Y n  



Airplane Attitude 

- gading-e&e flaps 

FJ-4 Inverted 

undeflected 

> 
Direction Loading (see t a b l e L )  7 

rTuht 
Pilot's Accident test loading plus tip rockets 

Center-of-gravity position Alttfude 
24.2 percent F 30,000 ft 

A 

~ NO SPIN 

34 
51 

$2 

aOsC~llatorg and wandering spln, range Of values given. 
bTwo conditions possible. 
'Hodel entered a vertical dive. 
d140del entered an inverted dive. 
eSteep spln; recovery attempted before flrul attitude attained. 

10D 
36D - 

Controla toizether 
0.36' (Stick right) 

Turns for recovery 
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0 .  . 
0.0 . . 

0 .  

1 

Airplane Attitude Direction Loading (see t o b l e A )  3 

Revised design combat gross weight Pilot's ...... F J - ~  Inverted right 
Allitude Leading-edge flaps Center-of-grovily posillm 

0 .  . 0. . undeflected 

Ti NO SPIN 

26.4 percent F 30,000 f t  

1'1 NO SPIN 

I, 

c , f  f ,g  

NO 

SPIN 
"E; 

1, >3 

lio SPIB 

I_i 

aModel entered a spin to the pilot's left. 
bModel entered an inverted dive. 
COscillatory spin, range of values given. 
dWhipping pnd wandering spin. 
eRecovery attempted by rudder neutralization. 
fTuo conditions possible. 
GKodel entered an erect aive. 
'?;ode1 entered a vertical dive. 
%teep spin; recovery attempted before final attitude attained. . 

- 

Turns for recovery 
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A-f 
Rudder 
hinge line 7/ 1 4.36" I 

Figure 1.- Three-view drawing of the 1/28-scale model of the North 
American FJ-4 airplane. 
for the basic design combat gross-weight loading. 

Center-of-gravity position indicated is 
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FREE-SPINNING-TUNNEL INVESTIGATION OF A 1/28-scm MOD= 

OF THJI NORTH AMERICAN FJ-4 AIRPUOE 

TED NO. NACA AD-3112 

By Frederick M. Healy 

ABSTRACT 

Results of an investigation of a dynamic model in the Langley 
20-foot free-spinning tunnel are presented. Both erect and inverted 
spins were investigated for various conditions of mass distribution, 
and recovery from spins obtained was attempted by various control manip- 
ulations. Tests were made of the effects of deflecting leading-edge 
flaps or of extending speed brakes. The sizes of wing-tip rockets or 
tail parachute required for spin recovery in an emergency were 
determined. 
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